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AERODYNAMIC STATIC STABILITY CHARACTERISTICS OF THE
MSFC 33-FOOT PUMP FED BOOSTER AT HIGH ANGLES OF ATTACK

By: Thomas Hamilton

ABSTRACT

Experimental aerodynamic investigations were conducted in the NASA/MSFC
14 x 14 Inch Trisonic Wind Tunnel during early February 1972 on a 0.00340
scale model of the MSFC 33-foot diameter space shuttle pump fed booster con-
figuration. The basic configuration tested was a 40° cone/cylinder designated
the MSFC 33-foot pump fed booster. Six component aerodynamic force and moment
daté were recorded over a Mach number range from 0.6 to 5.0,angles-of-attack
from 50° to 90° at 0° sideslip and over a sideslip range from -10° to +10° at
60° and 80° angles-of-attack. Primary configuration variables were fin area

and body cutout size.
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SUBSCRIPTS
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NOMENCLATURE

General
SADSAC
SYMBOL DEFINITION
speed of sound; m/sec, ft/sec
CP pressure coefficient; (p, - Pw)/a
MACH Mach number; V/a
pressure; N/m®, psf
Q(NsM) dynaic pressure; 1/2pV°, N/m2, psf
Q(PsF)
RN/L unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec
ALPHA angle of atteck, degrees
BETA angle of sideslip, degrees
PSI angle of yaw, degrees
PHI angle of roll, degrees
mass density; kg/m3, slugs/ft3
Reference & C.G. Definitions
base area; me, ft°
BREF wing span or reference span; m, ft
center of gravity
LREF reference length or wing mean
aerodynamic chord; m, ft
SREF wing area or reference ares; m2, £t2
MRP moment reference point
XMRP moment reference point on X axis
YMRP moment reference point on Y axis
ZMRP moment reference point on Z axis
base
local

static conditions
total conditions
free stresm

2



NOMENCLATURE (Continued)
Body-Axis System

SADSAC
SYMBOL SYMBOL DEFINITION
Cy CN normel-force coefficient; EEEEEEEESEEE
q
Cy CA axial-force coefficient; iéiﬂlgﬁezsi
Q
Cy CY side-force coefficient; Eiésgﬁezss
q
Cay, CAB base-force coefficient; Eifigfgfgi
q
-Ap(pp - Po)/as
CAf CAF forebody axial force coefficient, Cp - CAb
Cny CIM pitching-moment coefficient; Pitching moment
aSlpgr
Ch CYN yawing-moment coefficient; XEEEE%EEQESEE
cy CBL rolling-moment coefficient; rollingbmoment
q
Stability-Axis System
o CL 1ift coefficient; l%g&
Cp Cb drag coefficient; drag
as
C CDB base-drag coefficient; 0&se drag
Dy qS
CDf CDF forebody drag coefficient; Cp - cDb
Cy CcY side-force coefficient; Eigfaggﬁﬁi
Cm CIM pitching-moment coefficient; Ritching moment
as/REF
Cn CIN yawing-moment coefficient; XEEEE%E%QEEEE
g CSL : rolling-moment coefficient; rOllégs moment
L/D L/D lift-to-drag ratio; C/Cp
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ADDITIONS TO SADSAC NOMENCLATURE
FOR
TEST MSFC TWT 529

SADSAC
SYMBOL SYMBOL DEFINITION
r Fin dihedral angle, degrees.
See Figure 6.
LoC Fin location on booster.

See Figure 2.



CONFIGURATION DESCRIPTION

The basic pump fed booster configuration was a 40° cone/cylinder with
a flat at the end of the cylinder on the bottom. The configuration is
designated the MSFC 33-foot pump fed booster. Component configuration

symbols and descriptions are listed as follows:

SYMBOL CONFIGURATION
N1B6 MSFC 33-foot pump fed booster body with a 40°

conical nose and a 33-foot diameter full scale
cylindrical body.

N1B7 MSFC 33-foot pump fed booster body with a 40°
conical nose and a 33-foot diameter full scale
cylindrical body.

F Two 508 sq. ft. full scale fins located at the
end of and in the mid position on the cylindrical
body. Fin incidence was zero degrees.

F Two 339 sq. ft. full scale fins mounted like F2.

Model dimensional information for these components is given in the

model component description sheets.



TEST FACILITY DESCRIPTION

The MSFC 14 x 14 Inch Trisonic Wind Tunnel is an intermittent
blowdown tunnel which operates by high pressure air flowing from storage to
either vacuum or atmospheric conditions. A Mach number range from 0.2
to 5.85 is covered by utilizing two interchangeable test sections. The
transonic section permits testing at Mach 0.20 to 2.50, dnd the supersonic
section permits testing at Mach 2.75 to 5.85. Mach numbers between
0.2 and 0.9 are obtained by using a controllable diffuser. The range
from 0.95 to 1.3 is achieved through the use of plenum suction and per-
forated walls. Mach numbers of 1.46, 1.96 and 2.48 are produced by
interchangeable sets of fixed contour nozzle blocks. Above Mach 2.48 a set
of fixed contour nozzle blocks are tilted and translated automatically

to produce any desired Mach number in 0.25 increments.

Air is supplied to a 6000 cubic foot storage tank at approximately
-40°F dew point and 500 psi. The compressor is a three-stage recipro-

cating unit driven by a 1500 hp motor.

The tunnel flow is established and controlled with a servo actuated
gate valve. The controlled air flows through the valve diffuser ‘into
the stilling chamber and heat exchanger where the air temperature can be
controlled from ambient to approximately 180°F. The air then passes through

the test section which contains the nozzle blocks and test region.

Downstream of the test section is a hydraulically controlled pitch
sector that provides a total angle of attack range of 20° (+10°). Sting
offsets and extensions are available for obtaining various maximum angles

of attack up to 90°.



DATA REDUCTION

Six component force and moment data were recorded using an internal
strain gage balance. Aerodynamic coefficients were calculated for the body
and stability axis reference systems. Data reduction included an axial
force static tare. No base or cavity pressures were recorded. The model

reference dimensions utilized in reducing the data are listed below:

Spef = Booster Body (NiBg or N1By)

Cylinder cross section area = 1.423 sq. in.

lref = bper = Booster Body (N1B6 or N1B7)

Length (from nose to aft end of cylinder) = 5.443 in.

The moment reference center (MRC) is on a line coincident with the
body longitudinal centerline 60 per cent of the body length aft of the

nose.

MRC = 60% lp.p = 3.266 in.

The moment reference center location is shown in Figure 2.

T



TABLE I.

TEST CONDITIONS

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit) |
0.6 4.9 4.33 | 104.6 ]
0.9 6.3 7.38 L 02.7
1.2 6.7 9.15 _102.8 ]
1.46 6.5 9.35 ] 100.8 ]
2.74 4.7 6.37 | "_}lel._
4.96 5.0 3.07 131.2
BALANCE UTILIZED: IMSFC No. 201 Balance
COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:
NF 120 1b
SF 20 1b
AF 30 1b
PM 60 in-1b
™ 20 in-1b
RM 25 in-1b
COMMENTS :
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TABLE III.
 DIMENSIONAL DATA

MODEL COMPONENT: BODY - NiBg

GENERAL DESCRIPTION: MSFC Pump Fed Booster Body with Short Cutout on

Bottom of Aft ﬁnd.

DRAWING NUMBER:

DIMENSIONS: FULL-SCALE - MODEL SCALE
Length , ft 133.4 0.453
Max. Width, in. 395.9 1.346
Max. Depth , in. 395.9 1.346
Fineness Ratio 4.044 4.044
Area R £ 2

Max. Cross-Sectional " 854.8 1.423

Planform

Wetted

Base ' 854.8 1.423
Body Diameter, In. 395.6 1.346
Base Diameter, in. : 395.6 1. 346
Conical -Nose Angle, degrees ' 40.0 40.0
Cutout Angle, degrees 15.0 15.0

Cutout Length, in.
Cutout Height, in.
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TABLE III. (CONTINUED)

MODEL COMPONENT: BODY - N1B7

£
+

GENERAL DESCR&PTION’ MSFC Pump Fed Booster Body with Long Cutout on Bottom -

of Aft End

et

DRAWING NUMBER:

DIMENSIONS: FULL-SCALE- MODEL SCALE °

Length, ft. | | 133.4 ©0.453
Max. Width, inches . . 395.9 . 1.346
Max. Debth, inches 395.9 1.346
Fineness Ratio » : 4.044 4.044
~ Area, ft?
Max. Cross-Sectional . 854.8 1.423
Planform
Wetted
Base 854.8 . 1.423
Body Diameter, inches , 395.6 1.346
Base Diameter, inches - : : 395.6 u 1.346
Conical Nose Angle, degrees : 40.0 _ 40.0
Cutout Angle, degrees ' ' 15.0 15.0

Cutout ﬁength, inches

- Cutout Height, inches

11



TABLE III. (CONTINUED)

MODEL COMPONENT: _Fin - Fy

GENERAL DESCRIPTION: Fins for MSFC Pump Fed Booster, Dihedral = 30°

DRAWING NUMBER:

DIMENSIONS : ~4 A ) FULL-SCALE MODEL SCALE
hrea - i o 508. 7 0.0059
Span (equiQa]ént) ' 310.3 1.055
Inb'd equivalent chord . 3541 ' 1.204
Outb'd equivalent chord - ' 117.9 0.401

Ratio movable surface chord/
total surface chord : .

At Inb'd equiv. chord R
At Outb'd equiv. chord

Sweep Back Angles, degrees

Leading Edge , - 45° 45°
Tailing Edge : - 13.45° 13.45°
Hingeline -

Area Moment (Normal to hinge lfne)

12
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TABLE III. (CONTINUED)

MODEL COMPONENT: Fin — F3
GENERAL DESCRIPTION: Fins for MSFC Pump Fed Bosoter, Dihedral = 30°

DRAWING NUMBER:

DIMENSIONS: FULL-SCALE MODEL SCALE
Area 339.1 0.00392
Span (equivalent) 206.8 0.703
Inb'd equivalent chord 354.1 1.204
Outb'd equivalent chord 117.9 0.401

Ratio movable surface chord/
total surface chort

At Inb'd equiv. chord

At Outb'd equiv. chord

Sweep Back Angles, degrees

Leading Edge 50.0 ' 50.0
Tailing Edge 2.88 2.88
Hingeline '

Area Moment (normal to hinge line)

13



Figure

TABLE IV.
INDEX OF MODEL FIGURES

Description

Axis System

MSFC Pump Fed Booster
Nose Ny

Body Bg, By

Balance Block

Fin

1L

Page

Number

17
18
19
20
2l

22



TABLE V. 1INDEX OF DATA FIGURES

-

PLOTTED
COEFFICIENTS CONDITIONS
TITLE SCHEDULE VARYING PAGES
Effect of Configuration on Longitudinal A Configuration 1-54
Characteristics
Effect of Configuration on Directional B Configuration, 55-78
Characteristics Alpha

PLOTTED COEFFICIENTS SCHEDULE:
(A) o©IM, CN, CA, CL, CD, L/D wvs. ALPHA;
CN, CL vs. CIM; CL wvs. CD
(B) <cCY, CBL, CYN vs. BETA;

CY vs. CYN
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MODEL FIGURES
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Notes:

l. Positive directions of force coefficients
moment coefficients, and angles are
indicated by arrows.

2. For clarity, origins of wind and stability
axes have been displaced from the center
of gravity.

Figure 1, Axis systems, showing direction and sense of force and
moment coefficients, angle of attack, and sideslip angle

17
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PLOTTED DATA

Tabulations of the plotted data and corresponding
source data are availuble from SADSAC Operations.



EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTER]STICS
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(C635001) Eg MSFC TWT 529 33 FOOT BOOSTER N1B6 0.000 SREF 1.4230  SQ.IN.
(C63004) MSFC TWT 529 33 FOOT BOOSTER N1B7 0.000 LREF 5.4330 IN.
(Ce3008) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 0.000 BREF 5,4330 IN.
(c63012) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 0.000 XMRP 3.2660 IN.
YMRP 0,0000 IN.
ZMRP 0.0000  IN.
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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(€63001) g MSFC TWT 529 33 FOOT BOOSTER N1B6 0,000 SREF 1.4230 SQ.IN.
(€63004) MSFC TWT 529 33 FOOT BOOSTER N1B7 0.000 LREF 5.4330 IN.
(€C63008) MSFC TWT 529 33 FOOT BOOSTER Ni1B7F2 0.000 BREF 55,4330 IN.
(€63012) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 0,000 XMRP 3.2660 IN.
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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tFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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ZMRP 0,0000 IN.
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EFFECT OF CONFIGURATION ON LUNGITUDINAL CHARACTERISTICS
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(€63004) MSFC TWT 529 33 FOOT BOOSTER N1B7 0,000 LREF 5.4330 1IN,
(€63098) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 0.000 BREF $.4330 IN.
(€63012) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 0.000 XMRP 3.2660 IN.
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ZMRP 0.0000 IN.
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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(C63004) MSFC TWT 529 33 FOOT BOOSTER N1B7 0.000 LREF 5.4330  IN.
(€63058) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 0.000 BREF 5.4330 1IN,
(€63012) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 0.000 XMRP 3.2660 IN.
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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DATA SET SYMBOL CONFIGURATION CESCRIPTION BETA REFERENCE INFORMATION
(C63001) g MSFC TWT 529 33 FOOT BOOSTER N1B6 0.000 SREF 1.4230  SQ.IN.
(ce3094) MSFC TWT 529 33 FOOT BOOSTER NiB7 0,000 LIEF $.4330  IN.
(ce3008) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 0.000 BREF 5.4330 IN.
(ce3012) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 0.000 XRF 3.2660 IN.
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24RF 0.0000 IN.
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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ANGLE OF ATTACK. ALPHA, DEGREES
SYMBOL CONFIGURATION CESCRIFTION BETA REFERENCE INFORMATION
MSFC TWT 529 33 FOOT BOOSTER NiB6 0,000 SREF 1.4230 SQ.IN,
MSFC TWT 529 33 FOOT BOOSTER N1B7 0.000 LREF 5.4330 IN.
MSFC TwT 529 33 FOOT BOOSTER NiB7?F2 0,000 BREF 5.4330 IN.
MSFC TWT 529 33 FOOT BOOSTER N1B7F3 0,000 XMRP 3.2669 IN.
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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DATA SET SYMBOL CONFIGURATION DESCRIPTION BETA REFERENCE INFORMATION
(C6300%) g MSFC TWT 529 33 FOOT BOOSTER NiB6 0,000 SREF 1.4230 SQ.IN,
(C63004) MSFC TwT 529 33 FOOT BOOSTER N1B7 0.000 LREF 5.4330 IN.
({C63008) MSFC TWT 529 33 FOOT BOOSTER NiB7F2 0,000 BREF 5.4330 IN.
(C63012) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 0.000 XMRP 3.2660 IN.
YMRP 0.0009 IN.
ZMRP 0.0000 IN.
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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DATA SET SYMBOL CONFIGURATION DESCRIFTION BETA REFERENCE INFORMATION
(C83001) g MSFC TWT 529 33 FOOT BOOSTER NiB6 0,000 SREF 1.4230 SQ.IN.
(C63004) MSFC TWT 529 33 FOOT BOOSTER N1B7 0.000 LREF 5.4330 IN.
(C63008) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 0.000 BREF 5.4339 IN.
(€63012) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 0.000 XMRP 3.2660 IN.
YMRF 0.0000 IN.
ZMRP 0.0000  IN.
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MSFC TWT 529 33 FOOT BOOSTER NiB7 0.000 LREF 5.4330 IN.

MSFC TWT 529 33 FOOT BOOSTER N1B7F2 0.000 BREF 5.4330 IN.
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YMRP 0.0000  IN.

ZMRP 0.0000 IN.

0.00
MACH 1.456 ScALE 34
PAGE 34



EFF

ECT

OF CONFI

pyRQTION ON LONGITU

DINAL

CHARACTERISTICS

T LB LN A N B A I B B T L2 I T S S S N N N S M Tt I M N S A N R At B B A R By
< .
0.9
- .
L -
L .
0.8
0.7
[ A i
0.6 ©
o [ A\ _
N 0.5
-~ i -
- ™ -
(] i .
- 0.4
— L -
& - :
L .
2 o
x B .
(@] g .
1 - .
}— - -
L o.2
— [ .
—J = -
0.1
= -
0.0
-0.1
_o z [ 4 i e s i A s A s re Sd 4 N e - 4 MUY r'y ' A - v 4 i A4 W - s $oecd P I 4 s V N T S i 4 3 )
1 40 45 50 55 60 65 70 75 80 8s 90 9s 100
ANGLE OF ATTACK, ALPHA, DEGREES
DATA SET SYMBOL  CONFIGURATION CESCRIFTION BETA REFERENCE INFORMATION
(C63001) g MSFC TWT 529 33 FOOT BOOSTER Ni1B6 0,000 SREF 1.4230 SQ.IN.
(C63004 ) MSFC TWT 529 33 FOOT BOOSTER Ni1B7 0,000 LREF 5.4330 IN.
(C630981) MSFC TWT 529 33 FCOT BOOSTER Ni1B7F2 0.000 BREF 5.4330 IN.
(€63012) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 0.000 XMRP 3.2660 IN.
YMRP 0.0000 IN.
ZMRP 0.0000 IN.
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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(C63001) Eg MSFC TWT 529 33 FOOT BOOSTER N1B6 0.000 SREF 1.4230  sSa.IN,
(C63004) MSFC TWT 529 33 FOOT BOOSTER NiB7? 0,000 LREF 5.4330 IN.
(C63008) MSFC TWT 529 33 FOOT BOOSTER NiB7F2 0,000 BREF 5.4330 IN.
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS

T 17717 LI B B | LB AL T v T T 773 LR L) UL LI LI R LI lll—fj"rTll

LI

J#!"

TvrTYyreoeey

TVYrTTvrYyY

8.0
Z
& 7.8
—
> 7.0 ,
w ‘
o 6.5
just
"
I
d .0
o s
o
L 5.5
(@)
o
(]
[T 5.0 =
_
<
b
a4
5]
=z

»
L]
ofrrry TrrrrrvryrryTree LB Ty TVr e LILBLIJ TTTTPYTVyryryvyy TVrr
b
>

2.0 -
’5 W S Y S G — [T NS e ¥ N —Y I VY T D SO W W T —4 . J— W N S . WO S W 1 VAN S W 1 LLLI-
. .7 .6 .5 .4 .3 .2 .1 .0 -1 ~-.2 -.3 -.4
PITCHING MOMENT COEFFICIENT., CLM
DATA SET SYMBOL  CONFIGURATION DESCRIPTION BETA REFERENCE INFORMATION
(€63001) g MSFC TWT 529 33 FOOT BOOSTER N1B6 0.000 SREF 1.4230  SQ@.IN.
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(C63008) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 0.000 BREF $.4330 - IN.
(c63012) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 0,000 XMRP 3.2660 IN.
YMRP 0.0000 IN.
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EFFECT OF CONFIGURATION ON LONGITUDINAL CHARACTERISTICS
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SIDE SLIP ANGLE., BETA, DEGREES
DATA SET SYMBOL  CONFIGURATION DESCRIFTION ALPHA REFERENCE INFORMATION
(A63906) Eg CATA NOT AVAILABLE FOR ALL CONDITIONS 60,000 SREF 1.4230  Sa.IN.
(A63007) DATA NOT AVAILABLE FOR ALL CONDITIONS 80,000 LREF 5.4330 IN,
(A63010) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 60,000 BREF 5.4330 IN,
(A63011) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 80,000 XMRP 3.2660 1IN,
(A63014) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 60,000 YMRP 0.0800  IN.
(A63015) [) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 80,000 ZMRP 0.0000  IN,
MACH 2.740 SCALE 0.0034
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SIDE SLIP ANGLE. BETA., DEGREES

SYMBOL CONFIGURATION CESCRIFTION ALPHA REFERENCE INFORMATION
DATA NOT AVAILABLE FOR ALL CONDITIONS 60,000 SREF 1.4230 $Q.IN.

DATA NOT AVAILABLE FOR ALL CONDITIONS 80,000 LREF 5.4330 IN.

MSFC TWT 529 33 FOOT BOOSTER N1B7F2 60,000 BREF 5.4330 IN.

MSFC TWT 529 33 FOOT BOOSTER N1B7F2 80,000 XMRP 3.2660 IN.

MSFC TWT 529 33 FOOT BOOSTER N1B7F3 60,000 YMRP 0.0000 IN.

E} MSFC TWT 329 33 FOOT BOOSTER NiB7F3 80.000 ZMRP 00,0000 IN.

SCALE 0,0034
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SIDE SLIP ANGLE. BETA.,
CONFIGURATION DESCRIPTION ALPHA REFERENCE INFORMATION
CATA NOT AVAILABLE FOR ALL CONCITIONS 60,000 SREF 1.4230 SQ@.IN.
CATA NOT AVAILABLE FOR ALL CONCITIONS 80,000 LREF 5.4330 IN.
MSFC TWT 529 33 FOOT BOOSTER N187FZ2 60,000 BREF $5.4330 IN.
MSFC TWT 529 33 FOOT BOOSTER N1B7F2 80.000 XMRP 3.2660 IN.
MSFC TWT 529 33 FOOT BOOSTER N1B7F3 60,000 YMRP 0.0000 IN.
E) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 840,000 ZMRP 0,0000 IN.
MACH 0.59¢ SCALE 0.0C34
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SIDE SLIP ANGLE, BETA,
DATA SET SYMBOL  CONFIGURATION CESCRIPTION ALPHA REFERENCE INFORMATION
(A63006) CATA NOT AVAILABLE FOR ALL CONCITIONS 60,000 SREF 1.4230  SQ.IN.
(A63097) CATA NOT AVAILABLE FOR ALL CONCITIONS 89,000 LREF 5.4330  IN.
(A63010) MSFC TWT %529 33 FOOT BOOSTER N187F2 60,000 BREF $,4330  IN.
(A63011) MSFC TWT 529 33 FOOT BOOSTER NtB7F2 80,000 XMRP 3.2660 IN.
(A63014) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 60,000 YMRP 0.0000 1IN,
(A63015) [\ MSFC TWT 529 33 FOOT BOOSTER N1B7F3 80,000 ZMRP 0.0000  IN.
MACH 0.902 SCALE 0,.0034
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SIDE SLIP ANGLE, BETA.
DATA SET SYMBOL CONFIGURATION DESCRIFTION ALPHA REFERENCE INFORMATION
{A63006) 8 DATA NOT AVAILABLE FOR ALL CONCITIONS 60.000 SREF 1.4230 S$SQ.IN.
(A63007) CATA NOT AVAILABLE FOR ALL CONDITIONS 80,000 LREF 5.4330 IN.
(A6301U) MSFC TWT 529 33 FOOT BOOSTER NiB7F2 60,000 BREF 5.4330 IN.
(A63011) DATA NOT AVAILABLE FOR ALL CONDITIONS 80,000 XMRP 3.2660 IN,
(A63014) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 60,000 YMRP 0.0000 IN.
(a63015) [ MSFC TWT 529 33 FOOT BOOSTER N1B7F3 80,000 IMRP 0,0000 IN.
SCALE 0.0034
MACH 1.204
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SIDE SLIP ANGLE. BETA, DEGREES
DATA SET SYMBOL CONFIGURATION DESCRIFTION ALPHA REFERENCE INFORMATION
(A63006) Eg MSFC TWT 529 33 FOOT BOOSTER N1B7 60.000 SREF 1.4230 SQ.IN.
(A63007) MSFC TWT 529 33 FOOT BOOSTER N1B7 80,000 LREF 5.4330  IN.
(A63010) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 60,000 BREF 5.4330 IN,
(A6301%) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 80,000 XMRP 3.2660  IN,
(A63014) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 60,000 YMRP 0.0000  IN.
(4630135) [ MSFC TWT 529 33 FOOT BOOSTER N1B7F3 80,000 ZMRP 0.0000  IN.
SCALE 00,0034
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SIDE SLIP ANGLE. BETA, DEGREES
DATA SET SYMBOL CONFIGURATION BESCRIFTION ALPHA REFERENCE INFORMATION
(A63006) DATA NOT AVAILABLE FOR ALL CONDITIONS 60,000 SREF 1.4230 SQR.IN.
(A63007) CATA NOT AVAILABLE FOR ALL CONDITIONS 80.000 LREF 5.4330 IN.
(A83010) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 60.000 BREF 5.4330 IN.
(A63911) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 80.000 XMRP 3,2660 IN,
(A63014) MSFC TWT 529 33 FOOT BOOSTER N1B87F3 60,600 YMRP 0.0000 IN.
(A63015) D MSFC TWT 529 33 FOOT BOOSTER NiB7F3 80.000 ZMRP 0.0000 IN.
MACH 2.740 SCALE 0.0034
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SIDE SLIP ANGLE. BETA., DEGREES
CONFIGURATION DESCRIFTION ALPHA REFERENCE INFORMATION
CATA NOT AVAILABLE FOR ALL CONDITIONS 60,000 SREF 1.4230 SQ.IN.
CATA NOT AVAILABLE FOR ALL CONDITIONS 80,000 LREF 5.4330 IN.
MSFC TWT 529 33 FOOT BOOSTER N1B7F2 60.000 BREF 5.4330 IN.
MSFC TWT 529 33 FOOT BOOSTER NiB7F2 80,000 XMRP 3.2660 IN.
MSFC TWT 529 33 FOOT BOOSTER N1B7F3 60,000 YMRP 0.0000 IN.
D MSFC TWT 529 33 FOOT BOOSTER N1B7F3 80,000 ZMRP 0.0000 IN.
0.
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SIDE SLIP ANGLE. BETA. DEGREES

DATA SET SYMBOL CONF IGURATION DESCRIPTION ALPHA REFERENCE INFORMATION
{A63006) 8 CATA NOT AVAILABLE FOR ALL CONDITIONS 60,000 SREF 1.4230 S$Q.IN.
(A63007) CATA NOT AVAILABLE FOR ALL CONDITIONS 80,000 LREF 5.4330 IN.
(A63010) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 60,000 BREF 5.4330 IN.
(A63011) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 . 80.000 XMRP 3.2660 IN.
(A63014) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 60.000 YMRP 0.0000 IN.
(A63015) D MSFC TWT 529 33 FOOT BOOSTER N1B7F3 80,000 ZMRP 0.0000 IN.

MACH 0,596 SCALE 0.0034
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SIDE SLIP ANGLE. BETA,
DATA SET SYMBOL CONFIGURATION DESCRIPTION ALPHA REFERENCE INFORMATION
(A63006) DATA NOT AVAILABLE FOR ALL CONDITIONS 60,000 SREF 1.4230 SQ@.IN.
(A63007) CATA NOT AVAILABLE FOR ALL CONDITIONS 80,000 LREF 5.4330 IN.
{A63010) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 60,000 BREF 5.4330 IN.
(A63011) MSFC TWT 529 33 FOOT BCOSTER Ni1B7F2 80,000 XMRP 3.2660 IN.
(A63014) MSFC TWT S529 33 FOOT BOOSTER N1B7F3 60,000 YMRP 0.0000 IN.
(A63013) D MSFC TWT 329 33 FOOT BOOSTER NiB7F3 80,000 ZMRP 0.0000 IN.
MACH 0.904 SCALE 0.0034
PAGE 68



EFFE

CT _OF CONFIGURATION ON DIRECTIONAL CHARACTERISTICS

.14 T T3 T L I ] ]
- 1
.14
L o
L .
< .
.12
.10
~ [ X
wn X R
X .08
< i .
> " of
=) .08 -
O i _
m [ .
~—
.04
P-4 - .
> - -
(@] 8 .
.02
- -l -
— - -
z - R
i .00
— 5 .
o N HE\A :
— - -
. )
Lo -,02 b o
Y t .
& ;
O ..o s D .
N & TN )
zZ i -
Y -.0e
[»] - R
b [ R
o -.08 -
Q - \
—t ™ ; -
= r .
« ~.10
> - .
-.12
L .
-.14
- 1 i e Y i e s Fl 3 e s 'y i 4 s e s b i e 4 e re ¥ — 3 I —Y - Fe re 3
‘18,2 -10 -8 -8 -4 -2 0 6 8 10 12
SIDE SLIP ANGLE., BETA,
DATA SET SYMBOL CONFIGURATION DESCRIPTION ALPHA REFERENCE INFORMATION
(A63006) DATA NOT AVAILABLE FOR ALL CONDITIONS 60,000 SREF 1.4230 SQ.IN.
(A63007) DATA NOT AVAILABLE FOR ALL CONDITIONS 806,000 LREF 5.4330 IN.
(A63010) MSFC TWT 529 33 FOOT BOOSTER NiB7F2 60.000 BREF 5.4330 IN.
(A63011) DATA NOT AVAILABLE FOR ALL CONDITIONS 80,000 XMRP 3.2660 IN.
(AG3014) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 60,000 YMRP 0.0000 IN.
(A63015) D MSFC TWT 529 33 FOOT BOOSTER N1B7F3 80,000 ZMRP 0.0000 IN.
SCALE 0.0034
MACH 1.204
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SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYMBOL  CONFIGURATION DESCRIPTION ALPHA REFERENCE INFORMATION
(A63036) Eg MSFC TWT 529 33 FOOT BOOSTER NiB7 60,000 SREF 1.4230  S@.IN.
(A63007) MSFC TWT 529 33 FOOT BOO5TER N1B7 80,000 LREF 5.4330  IN.
(A63010) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 60,000 BREF 5.4330 IN.
(A83011) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 80,000 XMRP 3.2660  IN.
(A63014) MSFC TWT 529 33 FOOT BOOSTER N187F3 60,000 YHRP 0.0000 IN.
(A63015) [) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 80,000 ZMRP 0.0000 1IN,
MACH 1.466 SCALE 0.0034
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SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYMBOL CONFIGURATION DESCRIFTION ALPHA REFERENCE INFORMATION
(A63006) DATA NOT AVAILABLE FOR ALL CONDITIONS 60,000 SREF 1.4230 S&.IN.
(A63007) DATA NOT AVAILABLE FOR ALL CONCITIONS 80,000 LREF 5.4330 IN,
(A63010) MSFC TWT 529 33 FOOT BOOSTER NiB7F2 60,000 BREF 5.4330 IN,
(A63011) MSFC TWT 529 33 FOOT BOOSTER Ni1B7F2 80,000 XMRP 3.2660 IN.
(A63014) MSFC TWT 529 33 FOOT BOOSTER N187F3 60,000 YMRP 0.0000 IN,
(A63015) D MSFC TWT 529 33 FOOT BOOSTER N1B7F3 80,000 IMRP 0.0000 IN.
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SIDE SLIP ANGLE. BETA.,
CONF IGURATION DESCRIPTION ALPHA REFERENCE INFORMATION
DATA NOT AVAILABLE FOR ALL CONDITIONS 60,000 1,4230 SQ.IN.
DATA NOT AVAILABLE FOR ALL CONDITIONS 80,000 $.4330 IN.
MSFC TWT 529 33 FOOT N1B7F2 60,0060 55,4330 IN,
MSFC TWT 329 33 FOOT N1B7F2 80,000 3.2660 IN,
MSFC TWT 329 33 FOOT Ni1B7F3 60,000 0.0000 IN.
MSFC TWT 329 33 FOOT NIB7F3 80.000 0.0000 IN.
0.0034

72
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YAWING MOMENT COEFFICIENT, CYN (BODY AXIS)
DATA SET SYMBOL CONFIGURATION CESCRIFTION ALPHA REFERENCE INFORMATION
(A63006) Eg CATA NOT AVAILABLE FOR ALL CONCITIONS 60.000 SREF 1.4230  sa.IN.
(A63007) DATA NOT AVAILABLE FOR ALL CONDITIONS 80,000 LREF 5.4330 IN,
(A63010) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 60.000 BREF 5.4330 IN.
(A63011) MSFC TwT 529 33 FOOT BOOSTER N1B7F2 80,000 XMRP 3.2660 IN.
(A63014) MSFC TWT 529 33 FOOT BOOSTER N1B7F3 €0.000 YMRP 0.0000  IN.
(A63015) [ MSFC TwT 529 33 FOOT BOOSTER N1B7F3 80.000 ZMRP 0.0000 IN.
SCALE 0.0034

MACH 0.596
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YAWING MOMENT COEFFICIENT. CYN (BODY AXIS)
CATA SET SYMBOL  CONFIGURATION DESCRIPTION ALPHA REFERENCE INFORMATION
(A63806) Eg BATA NOT AVAILABLE FOR ALL CONCITIONS 60.000 SREF 1.4230  SQ.IN.
(A63007) DATA NOT AVAILABLE FOR ALL CONDITIONS 80.000 LREF 5.4%30 IN.
(A63019) MSFC TWT 329 33 FOOT BOOSTER N1B7F2 60,000 BREF 3.4330 IN.
(A63011) MSFC TWY %529 33 FOOT BOOSTER N1B7F2 80,000 XMRP 3.2660 IN.
(A63014) MSFC TWT 529 33 FOOT BOOSTER NiB7F3 60.000 YMRP 0.0000  IN.
(A63015) [) HMSFC TWY 929 33 FOOT BCOSTER N1B7FS §0.000 ZMRP g.guoo N,
.0034
nALH 8.9C4 ScaLE s
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DATA SET SYMBOL
(A63306) 5;

(A63007) @

(A63010)
(A63011)
MACH

DATA
CATA
MSFC
DATA
MSFC
MSFC

(A63014)
(A63015)

AVAILABLE FOR
AVAILABLE FOR
529 33 FOOT
AVAILABLE FOR
TWT 529 33 FooT
TwWT 529 33 FooT

1.204

NOT
NOT
TWT
NOT

-.06

.00 .02

YAWING MOMENT COEFFICIENT,

CONFIGURATION DESCRIFTION

ALL CONCITIONS
ALL CONDITIOUNS
N1B7F2
ALL CONDITIONS
N1B7F3
N1B7F3

BOOSTER

BOOSTER
BOOSTER

ALPHA

60,000
80.000
60.000
80.000
60,000
80.000

.04 .06 .08 .10

CYN (BOOY AXIS3

.14 .16

REFERENCE INFORMATION

SREF
LREF
OREF
XMRP
YMRP
IMRP
SCALE

1.4230
5.4330
5.4330
3.2660
0.0000
0.0000
0.0034

SQ.IN.
IN.
IN.
IN.
IN.
IN.
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YAWING MOMENT COEFFICIENT. CYN (BOOY AXIS)
DATA SET SYMBOL  CONFIGURATION DESCRIFTION ALPHA REFERENCE INFORMATION
(AG3006) MSFC TWT 529 33 FOOT BOOSTER N1B7 60.000 SREF 1.4230  sa.IN.
(AG3007) g MSFC TWT 529 33 FOOT BOOSTER N1B7 80.000 LREF 5.4330 IN.
(AG3010) MSFC YWT 929 33 FOOT BOOSTER N1B7F2 60,000 BREF 5.4350  IN.
(463011) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 80,000 XMRP 3.2660 In.
(463014) MSFC TWT 929 33 FOOT BOOSTER M1B7F3 60.000 YMRP 0.0008  IN.
(AG3018) [ HSFC TWT 529 33 FOOT BOOSTER N1B7F3 60,000 gg:ts g.gggg IN.
MACH 1.466 )
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YAWING MOMENT COEFFICIENT., CYN (BODY AXIS)
DATA SET SYMBOL CONFIGURATION DESCRIFTION ALPHA REFERENCE INFORMATION
(A63006) g DATA NOT AVAILABLE FOR ALL CONCITIONS €0.000 SREF 1.4230 SQ@.IN.
(A63007) DATA NOT AVAILABLE FOR ALL CONCITIONS 80.000 LREF 5.4330 IN.
(A63010) MSFC TWT 529 33 FOOT BOOSTER Ni1B7F2 60.000 BREF 5.4330 IN.
(A63011) MSFC TWT 529 33 FOOT BOOSTER NiB7F2 80,000 XMRP 3.2660 IN.
(A63014) MSFC TWT 529 33 FOOT BOOSTER NiB7F3 60,000 YMRP 0.0000 IN.
(2630151 [ MSFC TWT 529 33 FOOT BOOSTER N1B7F3 80.000 ZMRP 0.0000 IN.
SCALE 0.0034

MACH 2.740
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YAWING MOMENT COEFFICIENT, CYN (BODY AXIS)
DATA SET SYMBOL CONFIGURATION DESCRIFTION ALPHA REFERENCE INFORMATION
(AG3006) EQ DATA NOT AVAILABLE FOR ALL CONDITIONS 60,000 SREF 1.4230 Sa.IN.
(A63007) CATA NOT AVAILABLE FOR ALL CONCITIONS 80,000 LREF 5.4330 IN.
(A63010) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 60.000 BREF 5.4330 IN.
(A63011) MSFC TWT 529 33 FOOT BOOSTER N1B7F2 80,000 XMRP 3.2660  IN.
(A63014) HSFC TWT 529 33 FOOT BOOSTER N1B7F3 60,000 YMRP 0.0000  IN.
(ae3015) [ MSFC TWT 529 33 FOOT BOOSTER N1B7F3 80.000 ZMRP 0.0200 IN.
SCALE 0.0034
MACH 4.959
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